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Insulstion for a cryogenic s*omge fank
foam that is Eﬁuaﬁ?"’d)}ixﬁ@ in 2 vacuum-
bleeder ply Is positi
uia jacket to provid
casing.

ght casing. A

e u path for conducting gases from the
—‘MW
Ori. z'

'E‘be invention described herein was made in the per-

formance of work under 2 NASA contract and is subject
ta the provisions of Semon 305 of the Nationa]-Aero-
nautics and Space Act of 1958,
Stat, 435; 42 USLC. 2457).

This invention ds concerned with the fabrication of a
lightweight reinforced plastic ‘container I}wxna improved
insulation. More p‘.mm ﬂy the invemiion relaies to a
method of making an insulated flament-wound t,ank for
storing cryo ¢ fluids.

The pO“"”hlaI performancu of hqmd fueled rockets can
be improved by redicing the aweight of the propellant
storage ‘tanks. “In-the case of liguid H}drmpn fuvxed
rockets, the fu ¢l storage ta m\s are much lar,z_ar than con-
tainers for storing other ! uqums beczuse of the low densi-
ty of this p“ép“”mt Thus the need for a lightweight
1244}\ ‘lr\.xci”" for
dent, and Hlament-w oand structures are desirable because
of their weight reduction features,

A lightweight Tiquid propellant storage tank ct)ns;rucind
in accordance with the pre<mi invention has a load car-
rying reinforced plastic shell constructed by flament-

]‘ tue ‘invention

winding. The structure further wvtiiizes a ‘ghiu impermea-
ble lioer | ¢ the shell that is capable of coutaining

wen. Ap internal lghtweizh
low den‘:fiy plastic
t casing is mtcrpﬂs)ﬂd

liguid or us
thermezl protoction system e/mﬂr‘v
foam E}A;Ca slated in g vacuum
between th\, shei] and the liner.
sed cell polyurethane foam is uced in the thermal
m, and when this tvpe of foam is adhere
mpermeable vacuum fac 1 interstitial gas
d a2t the foam to }acket inig face r;ormal!y cannot

‘ mvfé Insu tustion, de n of Jeaks in the
vacoiam jacket is m and the inzbility (o remove
gases cryopumped info me foam can cause L&Ec‘tbil‘@plc

lures . (’wz 2 WErm-up. '
The 'u"]em of detecting gos Icas age tbmmh ;hu
VESOUmM wcmt mta the. foam and the removal of gas
has been solved by the present invention. In 2 lhermai
protection system constructed In .accordance with the
prisent invention a layer of dry ¢ioth is incorporated at
the foam to vacuum jacket Interface which forms a
Bleeder ply to provide a gas conductance pzzh to 3 pres—
sure tap:
It is, therefore, an ch*t of the present invention to
provide an zmproved lightweight container for storing
cryogenic fiuids having a reliable insulation system.
Another object of the invention is 1o provide a
pmpdlam storzge tank having 2 Hghtweight thermal pro-
tection system which eﬂl,;oys a low den%aty pla?tyc foam

that is encapsulzied in a vacpum-tight Casing in such a

‘manner a2s to enable leaks to be detected while monitors
ing the pressure within the 'nwianon.

i the form of

oned between the foam and the vacu~

. Public L.w 85-—568 (72

storing liguid hydrogen becomes evi-

rocket.
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: ami embodies thﬂ- fea n.res of Lhe present

“meable eryogenic

‘thermal shrink

path thereby facilitating the rapid dﬁ*ecimz} and vacuum
pumping of small leaks in the vacuum jae s;

These and other objects and advaniages of the wwan«
tion wiil be apparent from the cpcvmcaixcz «‘; ch follows
znd . from the drawings whereln like numerals are used

throughout to xﬁtnmy iike parts.
In the drawings.

FIG. 1 shows a lightweight piamc conainer with p(zs’ts

broken cway constmctcd in accor&ance with the prese
ent inv On,

Flu 2 is-an enlarged sec:mn view iaix&{i along the line
2—2 in FIG. 1; and .

FIU. 3 is an e’xlaroed secuon view mi\en along the
Mine 3-3 in FIG. 2.

Ref&mm now zo FIG 1, x:zere 15 showm a
I8 which ha

ﬁ\?esmog By
way of i u<tratm2 the wcwha.-cavnc feature of 1 tank
constructed in accordance with the present invénti ;
container ¥ having a diameter of 18 inches and a
all length of 36 inches with a design maximum t

S51 pres-

_sure of 100 p.si. had a weight of 12.25 pounds. L*w con-

tainer 70 includes an upper dome section 11, a central

cylindrical section 14 and 2 lower dome section 16, A
mstal fil tube I8 extends through the upper dome sece

tiva 12 to the interior of the container 10.
Referring to FIG. 2, the container 18 comprises 2‘**&:
main components in juxtaposition. The first c‘f these come
ponentsisa i Alament-wound fiberglass shell 20 w mch forms
the outer surface of the container 10. An in
tem 22 s positioned adjacent the sheli 20,
liner 24 is located hsidﬁ
The shell 28 is designed fo cffec
the design test pressure thereby re
and inteinal pressu
insulation system 22 and the liner 24. Thc afor
tank had a design test pressure of 100 psi The sf
is of a balanced design and comprises a fvr%i 3
tudinal wrap of two lavers of glass rov:'wv
layers of circumferentia PJ wrapped glass x
xz is Eocs{éé on 1b

d an imper-
e mf‘}l

']C?'l" ﬂm, ac

In ihlb mam:cr, tlw fn\um‘uon is wrotmm
daring handling of the container 36 while prov
back-up Lner assembly. However, it is contemnplate
in certain installations it may be desirabie to p}‘. 21
sulation outside the shell:

The insulation system 22 is constructed of closed cell
foam 36 emawd in. a vaceum-tight cover includi
outer jacket 32 and an inner jacket 34. The thicks
the foam is sclected to insure ease in fabricati
the. feam density is selected on the vusis of

capacity. By way of Llustration, foam insul
thickaess of 0.5 inch and a degsity of four

pounds per
cubic foot was used in the alorémentioned tank

The foam 3¢ provides a structural media for transmit-
ting pff’s“?"&' Yoods to the extzrnal filament-wound siruc-
tiral shell 28 when the pressure inside the insulation 22 is

reduced by cryvopumping. The cryopumping phenom ana
which takes place within the foam 30 during stovage of
cryogenic liguids is benef cial to the perfwfmme of the
insulation systent 22. The reliability of the insuiation sys-
tem 22 depends on the vacuum jackets 32 and 34 re-

maiaing leak tight' throughout ihe useful hfp of the con-

~ tainer 10
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The m:permedb'e liner 24 is located inside the insula-
tion system 22 But is not attached to the inner jacket 34.
The liper 24 comprises a laminated strocture shown in
2 thickness of 0.005 inch in the previ-

vsly mentioned tank. This laminate includes a layer 36
‘of plastic iim suc as Mylar having 2 loyer 38 of a thin
metal foil such as aluminum laminated to both surfaces.
This aluminum-Mylar-zluminum foil lamivate is desig-
nated a5 AMA and was utilizéd for the liner 24 to facill-
tate bonding of various sections of ihe Iiner daring fabri-
cation

The vacuumm jackets 32 znd 34 wlnch form the va acuum-

tight covér aroond the foam 30 are identical with the im

yer“,mmc, liner 2«; of AMA shown n FIG. 3. While an
g “aluminam laminate, A% A, was used for
ihe cncgﬁ"‘w Haer and vaeuum-tight casing which encap-

sulafes the foam insulation in the previon u!y described
laminates comprising at least -

tank, it is contemplated other
one layer of a plastic film and a! Ir;d'si Gne Iover of a thin
metal ;ozl may be used. For example, a f\f}l&f'ﬂ!umx’mmw
Rylar i sate, }MAM, may be used where it is desirable
g x"‘L plastic film on the oller surface. In a priferred
e.,.umzmcm where the vacuum sealing is ihe prsme con-
sidération a Mylar-alumisum-aluminume- M\mr laminate,
MAaAR, should be used. O%her factors 1o be taken into
consideration in selecting the laminate wre its ability to
be formed and bonded. It may be desirable ib certain ap-
plications 1o use thin metal foils other than sluminum.

Agq imiportant feature of the present invention is the.

incorporation of a bleeder ply 1 the foam to vacuum
jacket interface 1o provide a pas conductance chh As
shows in FIG. 2, 2 layer of dry glass cloth 46 is pro-
vided between the foam 30 and the ouler vacuum jacket
3. A ‘su wlar dry glass cloth Jayer 42 is zpter;osed be-
tween the foam 30 and the inner vacuum jocket 34.

Edw. laver of glass cloth 48 and 42 ferms a bleeder
ply which facilitates leak
and permits monitoring of the pressure within the insula-

tion sysiem 22 during performance testing of the contain-

er 10 This ‘ckeder plv permiis rapid dcieci;on and

vdcuum pumping of small Jeaks if they cccur in the
cuum _;acbls 3% and 34 during tests. .
ih-~ confuinér 18 is fabricated by comstructing a wind-

mg ”}cmai‘el 58 of polystyrene foam that is machmed to

match the inside contour of the conlainer. The wi inding.

mandrel 5¢ shown in FIG. 1 is assembled on a hollow
steel shaft 52 that is desigred fo transmit {orque to the
mandrel through a pair of blades that fold into the shaft.

checking of the vacuum jacket

5
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A sieel bushing is provided to positicn the £l tube 18 on .

the shaft 52, and the mandrel 56 is designed to be re-
moved from the com;w‘zer by dissolving and washing out
‘n;if: S,mx,f\f :DIV I?LS‘

a dpme 54 Gn'each e
&6, Frbrication of the liner 24 begins wit
sf;;m forming the dome shells 34, While spin forming was
chosen for economic reasons in fabricating a single tank,
zt is cn*}#a*mmat?a that other technigues able for forme-
am; such " 1 be used

cr' ngmiber of containers are reqx‘srcd

is formed from a laminaie of (he type shown
wving a thickness of Of‘"(“’ inch that is first

wéwiched between two 0.050 Inch thick alu inum sheets

and then spun fo the desired dome shape. Al =r spinning,

the heavier pluminum shects are carcmziv removed leav-

ingaspun AMA dome 54..

The wcmb}y of the cryogenic liner 24 over the foam
mandrel £§ begins with the insiallation of that portion of
the insula lion cystem 22 at the upper dome 12 of the con-
tainer 18 on the mandrel 8. The dome 54 of the cryo-
genic liner 24 for the upper dome 12 is bonded f¢ a flange
on the {ii tube I8 to become a part of the top insulation
dome assembly in a2 manner which will be déscribed later.
The bottom AMA dome is then assenhledion the mandrel

Ad “nJ z \,v,i'nmrlf*ab £

50

of the liner assembly is ve

" insulation dome ssition

"o predetermined trim line. The dome is

tion 62. The channe! povides a gas cond

4

59, and a smole sheel of pre-stretched 0.0024 izxc& thick
ATWA is wmr«""d cver. the mandral 1o form
eylindrical section $6. This AMA sheet is honde:
Iap joint.seam 5:. at the base of each dome 84 a ui w*h
gle Iongitudinal Jep joinl seam & abler sirips
of Q0017 inch ARIA are bondzd'to the seams 58 and &8
to complefe the cryogenic lirer assemblv. Le
ifted By mass spectrometet
or tvchquc*s ) ‘

beliurn leak det
 Afrer the cry
man\"el b@ e

i :’»‘ZS{T”‘“

iw facil nate '?'s fabricotion. These cox
to those of the eryosenic liner 24 an
section 62, 2 oyl ter see

R2 i

62 and 66 having a2
tight covers, the jo
are fabricated as o
the dome ssciion

Fabrication of
utilizes o foam-in-pla
spun vacoum jz
scribed AMA n o :
‘halves of a fo Bming r*c!d f‘x; Fil fube 16
thé oufer vacuum ackets 32, and a dry
glass cloth -f»t’} is bonded to the in
vactom jecket. The g
niade with 2
painted on t
c.mw«cd to reach 2
cloth layer 48.
with a minis mum resi

The foan-in-place
ordinarily would Em'j
placed against the ou acuum jan
faam resin is poured. Resin or foarm i
ser mus’y hamper the effectiveness of t
To prevent this undesirable foaming re
and to provide good adhesion between €
4% and the foam 30 a spr aved in place co
235 a barrier media. The cocoon :zp
polyester resin formulated 1o be &
2 tacky spider web 67 of res sin is
c‘m}* Blecder 46 to boild up a thi
fs impervious fo the foaming resin.
of resin adheres to but does not perm
4@. This barrier film 67 of polycsier resin is

3-:“;» of the

L 5‘3"\

c:IoE,h

the entire inner surface of the glass cloth 40 and s oven
dried to ’orm the skin. . :
A simifar glass blzeder ply d“’ s % z;eci m a lik

menner to the inner vacuum jacket 34
flm 6% is apphi cf? 1o the '"")58 ciom
The 3m’:cr vacy Te

ey,

,n“s spa »1?5’ wss f ial ‘.ed af 151
L.;e(’lhn}\, and foam resin is po
tween the vacuum ‘ackeis 33 and 34
The foam be
the mold, and this
in 30 minutes at roo
past cure at 120° for & he
awa'j{, and the foam
achisved by ¢ aﬂdrm. :nc foam wm t‘«

from the mokd, and a fn*‘med AMA. channel a{;md»
ant doubler strips is bonded to the base of the dome sec-
ce path be-
ween the inner and onter bleeder plics which enables
the dome to be tested f01 leaks before final assembly on
the mandrel 50.

The boitom mmhtwn donu, section 66 is fabricated
in the manner similar to the tep insulation dome section

e
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5
62. However, .no 8l mbc is mw.:d with the boltom dome
section 66
'E"w: c\,u“r c‘m%imwl section 64 of the ﬁaufatﬁon sys—
'yurethane foam cyiinder
ed to g C‘JS inch wall 8
cy?v:)di:r c *“d by~

3t
(hat
; of the
foam sppiied.
over L’ o re-
Ctard ffsa
Adter m

maﬁdm?j the b
the 0.5¢ inch wall

foam cvlinder 1

¢ phed.

The § re fm the Tefion coated
mandrel, r plies ss cloth are pesied away
from jts ir irface. The of fine clf}:”i} reinforces
the funer surface of the foam to prevent f oam tearout 30,
when these four Pl lies are peelad out. ‘

The inside surface of the foam cylinder lkewise has a

fayer of glass clot % 34 bonded to {he foam 39, and the

vacuum jacket 34 is applisd to this gless cloth. The cy-
. }znﬁ“»ai section €4 1s then trimmed to ] 5 12
*"51‘1 a doubler sirip Is to each ond. The cylin-

mé with the
munma.&on through the

£} £
o,

¥

o FAy
oW 7

b _j.’)

iy

aﬁen 22 Emd'

r x‘ﬂy cz 2 in
rvogonis i ner N-é, the

on systam 22 is
sgainst the
> form a

hH

rrn
o

1l e

center ¢vit
slipped onto the mand
previously
butt

st

sre wdded at each -butt jci; {
h T2 ami ’M compri

tem has =n b ETCoN
vented fo a pf«*smrc tap
bottom msuia‘:mn dome &6..

Utilizing the pressure tup 76, the completed imsulation
assernbly 92 is leak tésted: A helium Jeak. detector s con-
nected to the pressure tap 76, nd the eatire insulation
assemnbly 22 is evacuated through the bottom dome insula-
tion, assembly 66 by wa ry of the blegder patches 72 and’
74, Helium gas is- @prayed over the ext»ner surface of the 75

15

o]
=]
i
<

for otheér cor

6

insulation 22, and a leak-dete
of heibun pick-up.

Th mendrel £8 spd the §
2tedh m a i ”’n:‘i type fil

@nterit { the entire

tor monitors for indipation

ation '*'cswk'y 27 is then
it 'rw‘c:f 2 The
"“‘7 is el

)
@
&

£
JeRN
[
& 5,?: o
SR
N Axd
o
ja
£
2
£
:
3
i

by

G pnd 28 is
The fila-

i
1Ty

ment-wound 2:.,. A TtE.Y
at z long-term fow &t”‘?i:mwmw e pcm cum cycie b s not
detrimiental to the foam in sutation 39, If desired, a roving
preimpregnate ed with a Gry e 's in can be used with a long
cure. i

Afterc “'ng the Slament-wound outer shell 16, the pol
cam mandrel 50 s completely w.noi'ﬁ& "ﬁms is
«d by withdrawing the blades inlo the shaft
52 and pouring a sszcr:ut, such a3 trichlorethane, into the
shaft to soften the adjacent portion of the foam. The shaft
32-is carefully withdrawn from the mandrel §0 and ihe
fill tube 1%.. )
ition eJIy selvent is poured into the fil ] tu be '8, and
% Is slowly rotated to distrib @'ﬁ*\ m in
the anandrel &0, The sclvent is then
operation is then
inbme QE the cor

sections and joined togeiher

What isci
A ccmmme.
a IC/A« L»&uj in

a4

wirm Jackst sscvred to the surface of said
ten re.ces szid szEE. )

m:ﬁ
I{,sa.m

I)J p(‘;mtg e
s m' £ vicuum ,adzct,
second blesder ply positioned between said foam
i second vacvum jacket to provide a
conductance path thefeby enabling gases 1o be
‘ removed from said casing, 2nd
an imperméable liner disposed in overlying relation to.
the second vachum jacket for containing the cryo-
genic fluids within said Joad carrying sheil,

]

mﬁ a3

ey
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2. A contaiper as claimed in <laim I wherein the im-
perm::abie hmr comprises a lnminate of at Ieast one Jayer
of wl.z itic flm and at least one laver of a thin mctal foil.

3. A cnﬁi?msr 2s claimed in elaim 1 wherein the c&m»d
cell plastic foam is poiyt. ethane.

4. A conlainer as claimed
st and second vacunm lackets comprises 3 laminate
of at least one layer of nlm,ﬁc flm and ‘at least one laver
of a thin mci?i foil.

g Ac iner as csaxmcw in claim 1 mcmchmz cmiino
on the blecder p}y fo prevent 1!'7"5) c;,.;?t\cm thereof by ‘:he
foam..

& A coniainer

as ci.um%d in daim 1 wherein the

bieeder ply comprises 4 laver of dry cloth. | .

LT Ao . ds claimed in clalm I wherein the load’

carrying shell comprises filaments w ‘ornd sbout the foam. .
8. A container as claimed in ¢ rein the fila~

rents are wound both Jongitn m;eremuliv

zbont the foarn.
2. A contai

iner-as claxmed in chxm I w*}erem the. clmed

cell plastic foam is pasm oned betwsen the shell and the .

liner. .
i¢. A container as chumf:d in claim 1 wlxcrem the lead
carrying shell is rmrtxor;ed b t\«txn the imer and the
plastic foam:

11, An insulation system for 2 cryogenic storage tank
0‘ the type having an impervious liner for conmmmg cryo-

enicfvidend a Toad ez ning shell surrounding said liner,
;be improvement comprising

a closed celf plastic foam insulation. mie;mosed betwesn

said Biner and. said shell,
a vacuum-tight casing capSu.}atir:g said plastic foam,

3} cmm 3 v«‘ws:rem each of .

5
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8

a blesder ply interposed between each surface of the
foam and the casing fo provide a gas conductance
_ path thereby enabiing entrapper
frisans for bonding said Blesder ply tothe fs;.m‘

- casing, and ‘
means for evacuating sasd vacunm-tmh‘ casing.
12. An insvlation system for & cryogenic stor

as claimed in ¢laim 11 wherein the bleeder pty COInpTi

_at last one layer of dry cioth,

m}atzcm ss stein for a cryogenic storage tank
as claimed in cleim 1F wherein the bleeder ply comprises
at lezst one Lmu c»f cloth.

14, An insulation system as claimed inc cleim 11 fn-
cluding means for retar&mg fmm resin migration into the

3. An i

slass

-blesder ply. -

'i5. Aninsulation sws&:m as cuxmed in claim 11 wherein
th;z means for bonding the bleeder piy is a résm,
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